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NOTE ON THE PIGMENTATION OF FROGS' LEGGS.

By Lavxceror Harrisox, B.Se. (Syd.) B.A. (Cantab.), Acting-Protfessor of
Zoology in the University of Sydney.

On page 4 of the second volume of the new Text-book of Embryology
(Vol. 1., Vertebrata, Macmillan, London, 1919) Protfessor Graham IKerr makes
some observations upon the pigmentation of the cgg in Ganoids and Ampinbians.
These remarks would appear to be based upon the experience of a hmited group
of workers with a small number of frog species.  While nothing is stated dog-
matically by Professor Kerr, his remarks have the appearance of a general
statement, yet they are not in accord with my own ohservations upon the eggs
of Australian Anura. It has appeared to me, therefore, worth while to place
on vecord the diserepancies I unotiee, particularly as the Text-book will be
nsed largely by students whose powers of diserimination have not heen deve-
loped, and who are apt to consider as conclusive any statement that they read
in sueh a work.

Frofessor Kerr writes:—“Many eggs on the other hand especially amongst
tle Ganoid fishes and the Amplibians are given a dark colour by the presenee
within them of brownish-black pigments belonging to the melanin gronp. Sunch
pigment appears to be of definite biologieal significance. providing as it does
an opague coat whieh proteets the hving protoplasm from the harmitul influence
of light. Eggs in which it oecurs develop, as a rule, under conditions where
thev are exposed to infense dayhght. The eggs of ordinary Frogs and Toads
for exmmple whieh are surrounded by clear transparent jellv have a well
developed pigment coat. On the other hand in the caze of Irogs and Tonds
whose egox are surronnded by light-proot feam or are deposited in burrows
underground thev are commonly withont pigment.

“In all probability this deposition of elanin pigment in the superfieial
protoplasm of the egg (normally in its wpper portion) is to be interpreted as
having been originally a direet reaetion to the influenee of light, the metabolism
being so affected as to hring about the formation of this particnlar iron-eon-
taining exerctory pigment.

“It may be objected that the pigment is produced before the egg is Iaid
(c.g. the Common Frog) and therefore bhefore it ix exposed to the action of
light, but as a matter of fact the bodv-wall of the adult is by no wmeans
opaque to hght rays and even while still in the ovary the eges are exposed to
the influence of faint light. 1f we may tuke if, as seems probable, that the
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intlnenee of natural selection has gradually developed in snech eases the partienlar
type of senmsitiveness to light which leads to the tormation of melanin, on ae-
count of its proteetive value, then there is nothing snrprising m the developing
of this sensitiveness at earlier and earlier periods until at last it has resulted
in the pigmentation of the still intra-ovarian egg in response to the feeble light
rays whieli penetrate the body wall”

There can be no disagreement with a statement that the eges of 1wost
Annra have a pigmented npper pole. This may vary in size from a small polar
eap (Pseudopliryne) to considerably more than a hemisphere (Kawna temporaria) :
and m eolour trom light hrown (Myle ewingii) to intense black (('rinia signi-
fera). But several instances have been given of Anuran eggs whieh ave with-
out pigment.

Thus Agar (1909, p. 895) writes of Phyllomedusa swuvagii—"The eggs are
quite unpigmented, and any that are exposed to the swrface. as happens often
in less perfectly formed nests, turn vellow and die.” Budgett (1899, p. 315)
mentions the spawn of Phyllomedusa hypochondrialis as—*batches of white
eggs in masses of firm Jelly.” Agwr's Figure 2 shows quite planly that the
intra-ovarian eggs are withont pigment. In the ecase of Phyllomedusa, then,
we have undoubted white eggs, presumably as the eges are enclosed 1n light-
proof foam. But Phyllomedusa is a small, comparatively translueent trog,
which lies by day on the upper surfaces of leaves, fully exposed to light (Budgett,
1899, p. 314) ; so that if pigment be a direct reaction to light, one would expect
to find in this case the eggs definitely pigmented.

In three species ot Limnodynastes with the breeding habits of whieh T am
familiar, the eggs are also laid in a mass of foam, which from its nature must
refleet and refract so much incident light as to be praetically light-proof. Yet
the eggs are densely pigmented, as are the developing larvae. L. dorsalis is a
burrowing frog, never seen by dayvlhght at ordmmary times, and resorting to
water only for a day or two in the breeding season. L. peronii is a cryptozoie
form, found under stones, ete., by day, and resorting to water at night. This
species may, however, be fonnd in the water during the daytime within the
limits of its spawning season. L. tasmaniensis is also eryvptozoie, and T have
only once found it in water by daylight. Nine of these species would appear
to be susceptible to the influence of daylight acting through their robust body-
wall, vet the intra-ovarian eggs are densely pigmented. It may he noted in
passing that eggs entangled in the upper portion of the foam die, not from ex-
posure to light, but beeause of insuffieient moisture in this region.

There is thus a very marked difference between Phyllomedusa and Limnody-
nastes, and 1t wonld scem that the explanation of pigmentation is fnrther to
seek than Graham Kerr's general statement would have us believe,

Besides Phyllomedusa, ecertain other frogs have been reported as laying
eggs without pigment. Ot Paludicola fusomacwlata Budgett writes (1899, p.

309Y—“The eggs . . . are found embedded in a frothy mass floating upon the sur-
face of the water. . . . . and are without pigment.”” Bles (1907, p. 445)

dealing with Budgett’s matertal of this species writes—“The ovum is quite free
from pigment. In the earliest stage examined., the blastopore is very small.”
In view of what 1 have to say below, the latter sentence may Dear some
significance.  Otherwise Paludicola spawn would appear to resemble that of
Limnodynastes, except for the absenee of pigment.

Budgett (1899, p. 311) reeords the nests of Engystoma ovale as—*“holes in
the ground heneath fallen tree trunks, of the size of a ericket bhall and lined with
a froth eontaining white eges, and also tailed larvae.”
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Bles (1907, p. 451), deseribing Budgett's Gambia material of [lemisus
marmoratum, writes:—*The earliest stages whieh were preserved are late seg-
mentation stages of which there is nothing special to note except that the eggs
are quite without pigment.”

Finally Dakin (1920, p. 242) desertbes the eggs of Heleioporus albopune-
tatus as “somewhat large and without pigment.” These eggs were laid at the
bottom of burrows 18 inches deep, in triable =andy soil, and were enclosed in a
mass of frothy muecus.

It would appear then on the lace of it that nupigmented frog’s egas ure
of comparatively common occurrvence. But the condition that | find in the
eggs of Pseudophryne wustralis and . bibronii canses me to suspect that many
eges deseribed ax being without pigment may not really be so. In these species
the unsegmented egg has a blaek npper pole. oceupying in section about one-
sixth of the cireumtference of the egg. During the early stages of segmentation
the micromeres are confined to fhis eap., whieh retains its black colonr. As
overgrowth proceeds, however, the pigmented area extends, hut loses its in-
tensity of colour, =0 that by the time the Dblastopore has become civeular fthe
whole pigmented area is of so pale a grey as to he distingnishable with dilfienlty
from the white volk. In eges which have been preserved the distinetion is even
less marked.  Pigment appears again daring the formation and closure of the
neural groove, hut the embryo, when folded off, is practically without pigment.

In this case unless the eggs were observed in  the early segmentation
stages they might easily be deseribed as without pigment.  As most of the eggs
deseribed as nupigmented ave of a similar heavily yolked type, 1 Delieve the
same thing may have happened in some at least ot these cases. Kgas of [Heleio-
porus kindly sent me by Professor Dakin have all passed heyond the stage of
cavly segmentation, and have an appearance preeisely similar to that of
Pseudophryne eggs. In DBudgett’s material mentioned ahove, ot Paludicola and
Hemisus there are no carly segmentation stages. The material of Engystoma
would appear to have heen lost. as no mention of it occurs in Bles’” rveport
(1907).

From appearances observed in two species of Pseudopliryne, and in several
species of fyla, the amount of pigment present seems to bear a definite relation
to the protoplasmie mass ol the egg. The addition of turther yolk to the bnlk
of the ege in the course of evolution ix notf aceompanied by a eompensating
addition of pigment. As overgrowth proceeds, the amonnt of pigment present
appears to remain practically econstant.  1n small yolked eges whieh are densely
pigmented there 1s lifle or no diminution of intensity of colour during over-
growth. 1In large-yolked eggs, however, owing to the much greater area which
has to be covered by the pigment, there 15 a very definite lightening in eolonr,
from the black to palest grev in Pseudopbryne, from dark brown to light yellow-
ish hrown in several speeies ot Hyla, as overgrowth proceeds.

This view is opposed to that of T. . Morgan (1891, p. 758) who main-
tains that black cells do not overgrow light, but that new pigmented ecells are
ent off from the upper corners of the yolk cells. and—“there i a econtinunous
formation of new pigment taking place at the periphery of the Dlack arvea
within the new eells fhat arve being formed.”  Pigment produetion is admittedly
a product of aetive metabolism, and one would expect to find pigment heing
formed in the region of the germ ving., but, in the eges T mention, this would
not appear to be sufficient ta greatly affeet the colour of the ege snrface.

Finally, both species of Pseudophryne arve eryptozoie in hahit hiding by day
under logs and heaps of refuse, and laying theiv cges in similar situations.
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Here again it scems impossible that the pigment of the egg should have heen
produced in response to the direct stimulus of light, and a supposition that
Pseudophryne has only veeently taken to a eryptozoie habit, and has not vet
succeeded I eliminating pigment, hardly helps matters. ’

Regarding the pigmentation of tadpoles, T can confirm the observations of
Wenig (1913) that those which develop in water with eclay in suspension do not
develop normal pigment. 1 recently eaptured some tadpoles of Limnodynastes
at a depth of five feet in a muddy ereek, in a net suunk for erayfish. The normal
tadpole has a uniform dense pigmentation, but these individuals were almost
transparent, except for two limmes of chromatophores dorso-laterally along the
main muscle mass, and the whole brain showed white through the dorsal sur-
face. Here there has heen an obvious relation between light and pigment
development.

For the eggs. however, the matter is apparently not so simple, and an en-
quiry into the nature and mechanism of produetion of these pigments, and into
the purpose they subserve, seems ealled for,
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